fragments from fluorescent or bioluminescent proteins, circular permutation and protein cyclization. [6] [7] [8] [9] [10] [11] [12] [13] The imaging and quantitative measurement of cellular events in the physiological environment of live cells and animals is pivotal for translational research and drug discovery for different diseases.
14 Cell death via apoptotic, necrotic and recently necroptosis 15 pathways is a hot topic of research in basic and translational science. For imaging apoptosis, both fluorescent and bioluminescent genetically encoded probes have been developed. 8, 13 In contrast, specific probes for the investigation of the signaling mechanisms that initiate necrosis have yet to be developed, but are highly desirable. A lack of knowledge about the specific substrate(s) in necrosis, e.g. those that recognizes calpain activation during necrosis, is an obstacle to developing probes for imaging necrosis, 16 requiring further fundamental research of the process. Moreover, molecular probes for the imaging of necroptosis in real-time would be of great help to understand the cross-talk between apoptosis and necrosis in the pathogenesis of different diseases.
A number of cell lines have been established to study cellular events in real-time. Genetically encoded probes can be transfected, transiently or produced stable cell line, in these transformed immortalized cell lines to image the cellular signaling process under a microscope. Cell lines, however, may not reflect the actual condition in vivo, and results may not be reproducible in living animals. Therefore, primary cultures are often preferred over cell lines, since they are biologically more relevant in translational research. To incorporate a molecular probe into a primary culture of non-dividing cells, such as mouse or human pancreatic acinar cells, is not an easy task. Acinar cells are the primary site of injury in acute pancreatitis (AP). 17 AP is an inflammatory disorder of the pancreas. There is currently no specific therapy for AP, despite significant morbidity and mortality of this disease worldwide. 18 The pathophysiology of AP begins with injury and dysfunction of acinar cells, which are exocrine cells of the pancreas. The acinar cells are designed to synthesize and secrete digestive enzymes and precursors of digestive enzymes, which are stored in secretory granules. The secretion mechanism is exocytosis controlled by cytosolic Ca 2+ signals. These signals are generated by binding of the hormone cholecystokinin (CCK) and/or neurotransmitter acetylcholine to their respective receptors on the acinar cell membrane. Hyperstimulation with supraphysiological CCK concentrations induce a cytosolic Ca 2+ overload, intracellular digestive enzyme activation, vacuolization and necrosis. 19, 20 To control the disease, protection of the Special equipment needed, cellular toxicity is generally high, almost 3 times DNA quantity/ transfection is required compared to a chemical transfection.
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pancreas from necrosis is extremely important. Much of the signaling for necrotic cell-death pathway activation originates from mitochondria. In response to Ca 2+ overload and/or reactive oxygen species, the mitochondrial permeability transition pore (MPTP) opens across the inner mitochondrial membrane. 21 This allows an unregulated entry and exit of particles up to 1.5 kDa, as well as water, into and out of the mitochondrial matrix. This results in the loss of inner mitochondrial-membrane potential, associated with mitochondrial swelling and rupture of the outer mitochondrial membrane. Opening of the MPTP plays a key role to trigger necrosis in several tissues and organs, perhaps playing such a role in the pancreas. 22, 23 Until now, unfortunately, there is very little use of such probes in research concerning pancreatitis using a primary culture of acinar cells. Especially, specific probes to understand signaling mechanism that initiate cell death via necrosis and necroptosis are desperately required. These molecular probes would also be of great help to advance an understanding of ischemiareperfusion injury of the heart, brain and kidney, muscular dystrophies, neuro-degeneration and cancer. 22, [24] [25] [26] We have recently set up collaboration with Ozawa's laboratory 3, 5, 11, 13 at the University of Tokyo to develop probes to advance our knowledge of pathophysiology of AP. The bottleneck in using genetically encoded reporters is to transfect such reporters into the highly polarized and productive pancreatic acinar cells. No continuous cell line of mouse or human, terminally differentiated acinar cells, exists. Primary cultures of acinar cells cannot be kept alive for many days because the cells quickly lose their acinar characteristics, typically dying within 48 -72 h. To make use of this narrow window of opportunity, an efficient method is required to transfect molecular probe(s) into acinar cells for imaging cellular events in real time.
Transfection Methods
Broadly, there are three ways to introduce an exogenous DNA into live cells: chemical, biological and physical transfection, as shown in Table 1 .
Chemical Transfection
Chemical transfection methods were the first to be used to introduce foreign genes into mammalian cells. In chemical transfection, gene transfer is achieved by cationic lipids, cationic polymers or calcium phosphate. [27] [28] [29] Cationic lipids, cationic polymers or calcium phosphate act as carrier molecules to overcome the cell membrane barrier. The principle consists of a spontaneous interaction of negatively charged DNA with a positively charged carrier molecule, polymer or lipid, thus enabling the carrier/DNA positively-charged complex to interact with the cell membrane to be incorporated into the cell, most probably, by endocytosis. 30 Various endocytic pathways operate in eukaryotic cells, i.e. clathrin-dependent and -independent pathways, the latter including phagocytosis, macropinocytosis and caveolae-mediated internalization. The relative contribution of each pathway in carrier/DNA internalization has been poorly defined to date, although the involvement of the clathrinmediated pathway for the cellular entry of the complex into the cells has been firmly established. 31 Chemical transfection is economical, easy to perform, and there is little safety risk involved; it is also effective on most cell lines, has relatively low cytotoxicity and there is no need of any special equipment. Cationic polymers are suitable for transient transfection, while cationic lipids and calcium phosphate are suitable for both the transient and stable transfection of a variety of cell lines. The image in Fig. 1 
Biological Transfection
Viral-based transfection methods are the most successful ways to achieve gene expression in hard-to-transfect cell lines and primary cultures. [35] [36] [37] [38] This method involves the use of viral vectors, which are powerful tools for gene delivery ex vivo and in vivo making use of nature's most efficient and highly evolved mechanisms for infecting cells. The adenovirus belongs to the Adenoviridae family; being a nonenveloped virus with broad tropism, adenoviral vectors are useful for gene transfer because of a number of key features: 1) adenoviral vectors rapidly infect a broad range of cell types and can achieve high levels of gene transfer compared to other available vectors; 2) adenoviral vectors can accommodate relatively large segments of DNA (up to 7.5 kb) and transduce these transgenes in both dividing cells and non-dividing cells; and 3) adenoviral vectors are relatively easy to manipulate using recombinant DNA techniques. This large double-stranded DNA virus does not integrate into the host genome, making it limited to transient, episomal expression of transgenes. However, this also means that adenoviruses do not interfere with the host genome. Other vectors of interest include adeno-associated virus, herpes simplex virus, retroviruses and lentiviruses, a subset of the retrovirus family. Lentiviruses (e.g., HIV-1) are of particular interest because they are well studied, can infect quiescent cells, and can integrate into the host cell genome to allow stable, long-term transgene expression. 36 The following steps are involved in viral transfection: 1) generation of recombinant virus containing the transgene via gene cloning; 2) amplification of viral particles in a packaging cell line and virus isolation; 3) purification and determination of the titer of viral particles (in some cases it could take weeks to achieve an appropriate titer); 4) infection of cell type of interest. Though expensive, labor intensive, limited by the insert size, and accompanied by some safety issues, viral transfection has been the most successful method to transfect, and is applicable to almost all cell types and primary cultures including acinar cells (Fig. 2) . [35] [36] [37] [38] Viral transfection becomes even more expensive and complicated when more than one genetically encoded reporter is required, e.g. to co-transfect cells for imaging protein-protein interaction using intermolecular fluorescence resonance energy-transfer 39, 40 or protein fragment complementation assays.
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Physical Transfection Methods
For the physical transfection of nucleic acids, a variety of physical tools have been developed, but consideration has been made of the delicate but extremely organized structure of the cell membrane, which has to be crossed with the minimum disturbance to avoid cell injury, and to achieve efficient transfection. Microinjection, biolistic particle delivery, laser based, magnet mediated and electroporation technology are in routine use for physical transfection.
Microinjection involves directly injecting DNA or RNA into intact eukaryotic cells, and provides an efficient means for studying transcription and translations of specific genes.
42-44
This technique is useful for selective and targeted transfection, especially in neurons. 43, 44 Microinjection is very labor-intensive and demands much skill. Moreover, this technique is difficult to apply for cell suspensions, such as Jurkat and U937 cells, and primary cultures including acinar cells, which are loosely attached to the surface. Biolistic transfection is another method that can be applied to transfect cells, tissue slices, or living organs. The method involves shooting the recipient with DNAcoated gold particles, and constructs can be transferred to a depth of 100 μm into a tissue or organ. 45 An improvement of this technology has been demonstrated by O'Brien et al. using nanoparticles instead of microparticles. 46 Though expensive and potentially causing damage to cells, it would be interesting to see the efficiency of this method, to date there is no reported example of the transfection of acinar cells using this technology. The laser mediated poration of cellular membrane has recently emerged as an exciting technique of gene delivery into mammalian cells. A laser is focused through the objective of an inverse microscope onto the cell surface to create a spatially confined pore, which allows the diffusion of extracellular molecules into the cytoplasm. 47 A tightly focused femtosecond (fs) pulsed near infrared (NIR) laser beam has proven to provide single-cell selectivity, localized operation and low toxicity with a consistent performance. 48 The laser method is efficient for most cells tightly attached with the surface and the transfection can be seen in real time. A recent improvement of laser transfection is named GNOME, gold nanoparticle mediated laser transfection. 49 The cells are incubated with gold nanoparticles (AuNP) with a diameter of 200 nm. The AuNP attach to the cell membrane. The sample is then irradiated by a weakly focused laser beam. The particle-laser interaction leads to plasmon resonances on the particles. These induce thermal and near field effects, which in turn can evoke transient cell membrane permeabilization, enabling diffusion of extracellular molecules into the cytoplasm. For laser-based transfection, an expensive laser-microscope system is required. Magneticmediated transfection uses a magnetic force exerted upon gene vectors associated with magnetic nanoparticles to drive the vector towards the target cells. 50 This technique exploits the natural pathways (endocytotic mechanism) of cells during the transfection process, without disrupting the cell membrane, resulting in high cell viability post-transfection. Magneticmediated transfection has several advantages: 1) low DNA concentration/reaction is required; 2) fast gene accumulation within the target cells; 3) easy to handle and considerably reduced incubation time; 4) can be applied to variety of cell lines, primary cultures, neurons and hard-to-transfect cells. 51, 53 We are in the process of optimizing this method to transfect a primary culture of pancreatic acinar cells.
Electroporation is an easy and quick method, and can accomplish exogenous DNA incorporation into the cells. This technique involves the exposure of cell membranes to highintensity electric pulses which causes a temporary destabilization in certain areas of the cell. This allows charged extracellular material, e.g., plasmids, to enter the cell by electrophoresis. [54] [55] [56] [57] [58] This method is successful to transfect cell suspensions, primary cultures and hard to transfect cells. 57, 58 There are some drawbacks associated with this method. For example, a large amount of DNA is required, cell survival is low, and physiologists wish to avoid stressing freshly isolated primary cultures which have already gone through a crude process of isolation from a live tissue. Kim et al. demonstrated the development and use of a novel electroporation device using a pipette tip chamber instead of a cuvette for a more uniform electric field and better cell viability. 59 Different laboratories including our group have 38 The image was kindly provided by our collaborator Professor Alexei Tepikin. endeavored to optimize a protocol of electroporation for primary cultures of acinar cells to obtain reasonable transfection efficiency with minimum stress (Fig. 3, unpublished data) . To our knowledge, this is for the first time an image of perfectly healthy primary culture of acinar cells transfected with a genetically encoded optical reporter has been achieved by electroporation. According to our experience a gap of 60 -90 min between the isolation and electroporation processes gives time for cells to recover and assists in achieving higher transfection rates.
In summary, therefore, an easy, efficient and economical method is required for the transfection of primary cultures of non-dividing cells, so as to better understand the localization, translocation and movements of a gene of interest, visualize protein conformational changes, and assess drug-protein, and protein-protein interactions (e.g. of druggable targets) for translational research and drug discovery. The transfection efficiency varies partly because the strength of the membrane barrier differs from cell type to cell type. To overcome this problem, combinations of chemical and physical methods of transfection, such as magnetofection, 61 could produce better results with a reasonable cost for the delivery of even large DNA into easy as well as hard-to-transfect cells.
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